INTRODUCTION
Autoimmune disease occurs when the immune system loses tolerance toward self-antigens and the resulting immune response causes tissue damage. Systemic autoimmune diseases such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are characterized by the production of autoantibodies to ubiquitously expressed antigens as well as local inflammation in peripheral tissues.
Leukocyte infiltration is found commonly in the inflamed organs and contributes to the eventual tissue damage.
Chemokines, which are essential in directing leukocyte trafficking, have been associated with the pathogenesis of RA and lupus nephritis. Synovial tissue and synovial fluids of RA patients contain higher levels of CXCL9, CXCL10, CXCL11, CXCL12, CCL2, CCL3, CCL13, CCL18, CCL21 and CXC3CL1 compared with healthy individuals (1) . CCR2 deficiency is protective in the K/BxN serum transfer model (2) , and antagonists of CXCR3 (3) and CXCL13 (4) reduce disease severity and joint damage in murine arthritis. However, while anti-CXCL10 antibodies achieved a significant, albeit modest, benefit (5) in RA patients, antagonists of CCR2 and CCR5 failed to show clinical efficacy (6) (7) (8) . In a similar fashion, studies in lupus-prone NZB/W F1 mice have shown upregulation of chemokines including CXCL13, CCL2, CCL3, CCL9 and CCL20 in the kidneys following initial immune complex deposition, with subsequent recruitment of many other chemokines as the disease progresses. This is associated with the progressive renal accumulation of macrophages and dendritic cells as well as activated CD4 T cells and B cells (9 Chemokines facilitate the recruitment of inflammatory cells into tissues, contributing to target organ injury in a wide range of inflammatory and autoimmune diseases. Targeting either single chemokines or chemokine receptors alters the progression of disease in animal models of rheumatoid arthritis and lupus with varying degrees of efficacy, but clinical trials in humans have been less successful. Given the redundancy of chemokine-chemokine receptor interactions, targeting of more than one chemokine may be required to inhibit active inflammatory disease. To test the effects of multiple chemokine blockade in inflammation, we generated an adenovirus expressing bovine herpesvirus 1 glycoprotein G (BHV1gG), a viral chemokine antagonist that binds to a wide spectrum of murine and human chemokines, fused to the fragment crystallizable (Fc) portion of murine immunoglobulin (IgG)2a. Administration of the adenovirus significantly inhibited thioglycollate-induced migration of polymorphonuclear leukocytes into the peritoneal cavity of BALB/c mice and reduced both clinical severity and articular damage in K/BxN serum transferinduced arthritis. However, treatment with BHV1gG-Ig fusion protein did not prevent monocyte infiltration into the peritoneum in the thioglycollate model and did not prevent renal monocyte infiltration or nephritis in lupus-prone NZB/W mice. These observations suggest that the simultaneous inhibition of multiple chemokines by BHV1gG has the potential to interfere with acute inflammatory responses mediated by polymorphonuclear leukocytes, but is less effective in chronic inflammatory disease mediated by macrophages. Deficiency of CCL2, CCR2 or CXCR3 reduces renal inflammation and protects the renal function of lupus-prone MRL/lpr mice (10-12), but, not surprisingly, chemokine antagonists have a more modest effect when used later in disease (13) (14) . These studies, in sum, suggest that it might be necessary to simultaneously inhibit multiple chemokines to more effectively inhibit inflammatory processes and tissue damage in autoimmune diseases.
In this study, we generated an adenovirus expressing a fusion protein containing the secreted form of bovine herpesvirus 1 glycoprotein G (BHV1gG) and the CH2-CH3 portion of murine IgG2a. BHV1gG is a glycoprotein that is expressed on the surface of BHV1-infected cells and is secreted after proteolytic cleavage (15) . BHV1gG binds to a wide range of human and murine chemokines (15) , some of which, including CCL2, CCL3, CCL5, CXCL1, CXCL12 and CXCL13 are increased in RA or lupus nephritis. We show here that BHV1gG-Ig greatly reduced thioglycollate-induced neutrophil and eosinophil migration into the peritoneal cavity of BALB/c mice. BHV1gG-Ig also significantly reduced disease severity and joint damage of K/BxN serum-induced arthritis. However, repeated administration of BHV1gG-Ig did not prevent thioglycollate-induced macrophage migration into the peritoneal cavity of BALB/c mice or alter the course of lupus nephritis in NZB/W F1 mice.
MATERIALS AND METHODS

Generation of an Adenovirus
Expressing BHV1gG-Ig (Ad-BHV1gG-Ig) cDNA encoding the secreted form of BHV1gG (kindly provided by Antonio Alcami) was fused to a β2 microglobulin signal sequence as described previously (16) and to the CH2-CH3 domains of murine IgG2a lacking Ig receptor binding capability (17) using a linker sequence (5′ GGT GGT GGT TCT  GGT GGT GGT TCT GAC TAC AAG  GAC GAC GAT GAC AAG GGA GGA   GGA TCT GGA GGA GGT AGC 3′) To measure serum BHV1gG-Ig levels in BALB/c mice, ELISA plates (Falcon Labware, Lincoln Park, NJ, USA) were coated with mouse anti-FLAG monoclonal antibody (Sigma-Aldrich, St. Louis, MO, USA), blocked and incubated sequentially with sera from AdBHV1gG-Ig injected BALB/c mice, followed by horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG2a (1/4000 in PBS/1%BSA) (Southern Biotechnology Association) and peroxidase substrate solution (KPL, Gaithersburg, MD, USA). Standard curves were established using serial dilutions of sera from Ad-BHV1gG-Ig-treated SCID mice whose BHV1gG-Ig concentration was predetermined as described above.
To determine the half-life of BHV1gG-Ig, five BALB/c mice were injected with SCID serum containing 500 μg BHV1gG-Ig, and serum BHV1gG-Ig concentrations were measured at intervals and plotted over time. The half-life of BHV1gG-Ig is approximately 7 d (data not shown).
Calcium Flux Assay
Ten million peritoneal cells from NZW mice containing 80% B cells were loaded with 5 μg/mL of Indo-1 AM (Invitrogen, Carlsbad, CA, USA) at 37°C for 1 h and then stimulated with recombinant murine CXCL13 (0.2 μg/mL) (R&D Systems, Minneapolis, MN, USA) together with increasing concentrations of BHV1gG-Ig (2 μg/mL, 8 μg/mL or 16 μg/mL), providing a molar ratio (BHV1gG-Ig:CXCL13) of 1.4, 5.7 or 11.4, respectively. BAFF-R-Ig at similar molar ratios and control SCID serum were used as controls. The ratio of fluorescence at 400 nmol/L versus 510 nmol/L was measured by flow cytometry (BD Biosciences, San Diego, CA, USA). Results represent four independent experiments.
Transwell Chemotaxis Assays
One μg/mL of recombinant murine CXCL13 (R&D Systems) was preincubated with 40 μg/mL of BHV1gG-Ig (molar ratio BHV1gG-Ig:CXCL13 = 5. . One million peritoneal cells from NZB/W mice containing CXCR5-expressing B1 cells were added to the upper chamber of the transwell inserts. Cells in the lower chambers were collected after 3 h of incubation at 37°C. Cells were then stained with anti-B220 PE, anti-CD4 FITC and anti-CD11b FITC antibodies (BD Biosciences), and analyzed using flow cytometry (BD Biosciences). The number of B cells that spontaneously migrated to the lower chamber containing only migration medium was consistently below 1% of the input cells.
BM Neutrophils from BALB/c mice, identified as Gr1 hi CD11b hi , were isolated by FACS sorting. An in vitro migration assay of neutrophils was performed as described previously (18) . Briefly, 100 ng/mL of recombinant mouse CXCL1 (R&D Systems) was preincubated with 0, 0.25 or 1, 4 μg/mL of BHV1gG-Ig or 4 μg/mL of BAFF-RIg as control in the lower chambers of a transwell plate (5.0 μmol/L pores, Costar). 2 × 10 5 BM neutrophils were added to the upper chambers. Cells in the lower chambers were collected after 1 h of incubation at 37°C. Cells were stained with anti-F480 PE, anti-Gr1 APC and anti-CD11b FITC antibodies (BD Biosciences), and analyzed using flow cytometry (BD Biosciences).
An in vitro migration of macrophages was performed as described previously (19) . Briefly, 10 ng/mL of recombinant mouse CCL2 (R&D Systems) was preincubated with 0, 25, 100 or 400 ng/mL of BHV1gG-Ig or 400 ng/mL of BAFF-R-Ig as control in the lower chambers of a transwell plate (8.0 μmol/L pores) (Costar). Two hundred thousand mouse peritoneal cells that were harvested 72 h after an intraperitoneal (IP) injection of 1 mL of 4% thioglycollate into BALB/c mice were added to the upper chambers. After 4 h of incubation at 37°C, transwell filters were fixed in methanol and stained with MayGrunwald-Giemsa. The cells that attached to the filter were counted by light microscopy.
Thioglycollate-Induced Peritonitis
Groups of 5 BALB/c mice were injected intravenously (IV) with Ad-BHV1gG-Ig (1 × 10 11 viral particles/ mouse) or a similar dose of control adenovirus expressing BAFF-R-Ig or β-galactosidase (Ad-LacZ) or no treatment. Four days later, the mice were injected IP with 1 mL of 4% sterile thioglycollate (BD Diagnostic Systems, Franklin Lakes, NJ, USA). The mice were euthanized 4 h or 72 h later and peritoneal cells were harvested and analyzed using flow cytometry (20) . Similar experiments were performed 12 h after intraperitoneal delivery of four-fold increasing doses of BHV1gG protein up to 1 mg.
Detection of Anti-BHV1gG-Ig Antibody ELISA plates (Falcon Labware) were coated with 0.5 μg/mL of BHV1gG-Ig, blocked and incubated sequentially with dilutions of sera from Ad-BHV1gG-Igtreated or control NZB/W F1 mice followed by HRP-conjugated goat antimouse IgG1, 2b and 3 (1/4000 in PBS/1% BSA) (Southern Biotechnology Association) and peroxidase substrate solution (KPL). ELISA data was normalized to a high-titer serum assigned an arbitrary level of 512U and run in serial dilution on each plate.
Ad-BHV1gG-Ig Treatment of Mice with K/BxN-Induced Arthritis
Ten week-old BALB/c mice were injected with Ad-BHV1gG-Ig or Ad-LacZ on d -4, and 200 μl of K/BxN (KRN) serum was administered IP at d 0 and d 2. The clinical arthritis severity (clinical score) of each paw was determined based on a 0 to 12 score per mouse per day (21) by an observer blinded to the treatment group (PG). Area under curve (Auc) was used to assess disease severity over the entire course of the experiment and was calculated as the sums of the scores for each individual mouse during the test period. Ankle diameter was measured with a digital caliper. In separate experiments, mice were euthanized 5 d after the induction and mRNA extracted from whole ankle was used for analysis of cytokines and matrix metalloproteases (MMPs) using quantitative real-time PCR (qPCR) as described previously (9, 22) using the following primers: TNFα 5′-TGG GAG TAG ACA  AGG TAC AAC CC, CAT CTT CTC   AAA ATT CGA GTG ACA A; IL-1β 5′-TGT AAT GAA AGA CGG CAC ACC,  3′-TCT TCT TTG GGT ATT GCT TGG;  MMP-2 5′-TAA CCT GGA TGC CGT  CGT, 3′-TTC AGG TAA TAA GCA CCC  TTG AA: MMP-3 5′-TTG TTC TTT GAT  GCA GTC AGC, 3′-GAT TTG CGC CAA  TGC; IL-6 
BHV1gG-Ig Treatment of NZB/W Mice
Groups of five to eight 24-wk-old NZB/W mice were injected IP with 500 μg BHV1gG-Ig or control IgG three times a week for 10 wks or received no treatment. The mice were bled every other week and monitored for proteinuria weekly. A subgroup of BHV1gG-Igtreated mice with established proteinuria was euthanized and kidney sections were analyzed microscopically using hematoxylin and eosin (H & E) staining. In an alternative experiment, NZB/W mice were injected IV with an adenovirus expressing IFNα (3.3 × 10 9 viral particles) at 12 wks of age to induce disease within a 6-to 8-wk period as described previously (22) . A group of 10 mice was injected IP with 500 μg BHV1gG-Ig three times a week from wk 13 to wk 21. Another group of seven mice received the same regimen from wk 15 until the end of the experiment. Control mice were left untreated.
Statistics
Survival data were analyzed using Kaplan-Meier curves and log-rank test. Other comparisons were performed using Mann-Whitney test. P values ≤ 0.05 were considered significant.
RESULTS
Generation of the BHV1gG-Ig Protein
The BHV1gG-Ig fusion protein with a predicted molecular weight of 66 kD was produced in the serum of SCID mice as a monomer ( Figure 1B) . The protein was expressed at a high concentration in the serum of Ad-BHV1gG-Ig injected SCID mice (average of 20 mg/mL).
BHV1gG-Ig Inhibits ChemokineInduced In Vitro Cell Migration and Calcium Flux
BHV1gG binds a wide range of chemokines in vitro (15) . To determine whether the BHV1gG-Ig fusion protein is functional, we determined whether it inhibits signaling and cell migration induced by CXCL13, a chemokine that is upregulated in the early stage of nephritis in NZB/W F1 mice (9) and in synovial tissues from RA patients and arthritic mice (23) (24) . Treatment with 0.2 μg/mL of recombinant CXCL13 induced a calcium flux in peritoneal B220 + cells from NZW mice that express the CXCL13 receptor CXCR5 (Figures 2A-C) . Preincubation of CXCL13 with 8 μg/mL (molar ratio = 5.7) or 16 μg/mL (molar ratio = 11.4) of BHV1gG-Ig completely inhibited this calcium flux, whereas preincubation with BAFF-R-Ig or control SCID serum had no effect (see Figures  2B, C) . A lower concentration of BHV1gG-Ig (2 μg/mL) failed to inhibit CXCL13-induced calcium flux (see Figure 2A) . We therefore used a 5.7 molar excess (40-fold excess with respect to concentration) for subsequent experiments. 40 μg/mL of BHV1gG-Ig inhibited CXCL13-induced (1 μg/mL) migration of the cells in a transwell system. The addition of CXCL13 together with control BAFF-R-Ig resulted in migration of approximately 60% of the input B cells ( Figure 2D ). In contrast, less than 20% of the input B cells migrated toward CXCL13 preincubated with BHV1gG-Ig (see Figure 2D) , demonstrating a significant inhibition of cell migration (P = 0.0265). Spontaneous migration was consistently less than 1% of input cells (data not shown).
Similarly, a 5.7 mol/L excess of BHV1gG-Ig:chemokine significantly inhibited the in vitro migration of mouse BM neutrophils toward CXCL1 ( Figure 2E ; p = 0.0265, BVH1gG-Ig 4 μg/mL versus BAFF-R-Ig 4 μg/mL). This inhibition shows a trend toward dose dependency (see Figure 2E) . In contrast, a 5.7 mol/L BHV1gG-Ig excess did not prevent the in vitro migration of mouse peritoneal macrophages toward CCL2 ( Figure 2F ).
Ad-BHV1gG-Ig Treatment Significantly Inhibits Thioglycollate-Induced Neutrophil Migration in BALB/c Mice
We next determined whether BHV1gG-Ig inhibits chemokine-induced cell migration in vivo. Sterile peritonitis was induced by IP injection of thioglycollate in BALB/c mice that were injected previously with Ad-BHV1gG-Ig, with an adenovirus expressing the control fusion protein BAFF-R-Ig (Ad-BAFF-R-Ig), with a control virus (Ad-LacZ) or with no treatment. Thioglycollate injection led to a rapid increase in the number and percentage of Gr1 hi peritoneal neutrophils in the mice receiving the control Ad-LacZ adenovirus or no treatment and this increase was inhibited significantly by Ad-BHV1gG-Ig but not by Ad-BAFF-R-Ig at 4 h ( Figure 3C ). An increase in the percentage and number of eosinophils and small macrophages was observed in the peritoneal cavity of Ad-LacZ-treated mice 72 h after thioglycollate injection, but only the eosinophilia was inhibited by the treatment of Ad-BHV1gG-Ig (Figure 3D) . The serum concentration of BHV1gG-Ig in the Ad-BHV1gG-Igtreated mice was 3.4 ± 2.7 mg/mL 4 h after thioglycollate injection and declined to 1.9 ± 1.3mg/mL 72 h later. When we used BHV1gG protein given IP we reliably detected a >50% decrease in neutrophil migration into the peritoneum only when serum BHV1gG concentrations were >200 μg/mL (not shown), confirming that an excess of BHV1gG is needed to inhibit chemokine activity in vivo.
Ad-BHV1gG-Ig Treatment Reduces the Severity of K/BxN Serum-Induced Arthritis in BALB/c Mice
The K/BxN serum transfer model has acute onset and is highly dependent on infiltrating neutrophils (25) . Therefore, we next tested whether Ad-BHV1gG-Ig treatment could alter the outcome of K/BxN serum-induced arthritis. The severity of the disease was evaluated based on the degree of joint inflammation (clinical score) and swelling of the ankles (diameter). As expected, high clinical scores were observed in Ad-LacZtreated controls 9 d after the first K/BxN serum injection; joint inflammation then diminished during the rest of the experiment (Figures 4A, C) . A second experiment confirmed this result and was terminated at d 10 when disease resolved in the BHV1gG-treated mice (Figures 4B, D) . Ad-BHV1gG-Ig-treated mice showed significantly lower clinical scores than the controls at multiple times (see Figures 4A, B) . In accordance with the clinical scores, ankle swelling was attenuated significantly by the treatment of Ad-BHV1gG-Ig (see Figures 4C, D) . The overall severity of disease throughout the entire course of the experiment was also lower in Ad-BHV1gG-Ig-treated mice compared with Ad-LacZ-treated controls (Figure 4 ). Histological study of joints from mice harvested at d 27 revealed synovial hyperplasia and cartilage erosion in three of five of the arthritis mice receiving the Ad-LacZ control. In contrast, only one of five mice in the AdBHV1gG-Ig-treated group showed any of these histologic features ( Figures 4E, F) . Analysis of the joints from mice har- Figure 4E ).
Repeated Administration of BHV1gG-Ig Does Not Affect the Progression of Lupus Nephritis in NZB/W Mice
Given that BHV1gG binds to a number of chemokines that are upregulated in kidneys of NZB/W F1 mice at the early stages of lupus nephritis (9,15), we next tested whether BHV1gG-Ig treatment could alter the progression of renal disease in these mice. A 10-wk treatment with BHV1gG-Ig protein did not alter the onset of proteinuria or survival of 24-wkold NZB/W F1 mice ( Figure 5A ). One reason for this observation could be the development of an antibody response against the fusion protein. Indeed, IgG antibody against BHV1gG-Ig fusion protein started to appear in low titer in the serum of NZB/W F1 mice 2 wks after the first injection of BHV1gG-Ig and continued to increase for another 6 wks (data not shown). We therefore used the IFNα-accelerated lupus model which has shorter disease duration (22) , to minimize the effects of an anti-BHV1gG-Ig humoral response. Twelve week-old NZB/W mice were injected IV with Ad- IFNα and were treated with BHV1gG-Ig from wk 13 to wk 21 or from wk 15 until the end of the experiment. The onset of proteinuria and survival were comparable between BHV1gG-Ig-treated mice (early treatment or late treatment) and untreated controls ( Figure 5B ). Examination of the kidneys from BHV1gG-Igtreated mice revealed severe renal damage, macrophage infiltration and large lymphoid infiltrates, comparable with controls (data not shown).
DISCUSSION
Leukocyte infiltration is an important feature of the inflammatory response. Although a single chemokine may recruit more than one cell type, migration of multiple cell types in general requires a network of multiple chemokines and adhesion molecules. Some viruses manipulate the chemokine network by producing viral chemokine homologs, viral chemokine receptor homologs or viral chemokine binding proteins (26) . The first identified herpesvirus-secreted chemokine-binding protein M3 interacts with multiple CC-, CXC-, CX3C-, and XC-chemokines at their receptor-and GAG-binding domains (26) . Transgenic expression of M3 protein in pancreatic islets protects mice from streptozotocininduced diabetes by inhibiting CCL2-mediated monocyte recruitment and CXCL13-induced B and T cell infiltration (27) (28) . BHV1gG-Ig binds to a broad range of chemokines, including many of those expressed in rheumatoid arthritis synovia and lupus kidneys (15) , and, therefore, provides a convenient way of inhibiting multiple chemokines in autoimmune/inflammatory diseases. In this study, we asked whether this inhibitor could be delivered as a therapeutic agent during the evolution of autoimmune disease in vivo. To accomplish this, we generated an adenovirus expressing BHV1gG-Ig fusion protein, allowing us to deliver a large quantity of BHV1gG-Ig in vivo in a rapid and convenient manner.
We show here that BHV1gG-Ig treatment successfully inhibited acute inflammation in two different animal models. Intraperitoneal injection of thioglycollate initiates an early influx of neutrophils followed by the later recruitment of eosinophils and monocytes/macrophages (20) . Ad-BHV1gG-Ig treatment prevented the migration of both neutrophils and eosinophils but did not alter recruitment of inflammatory macrophages into the peritoneal cavity. Thioglycollate-induced neutrophil recruitment is mediated largely through the interaction of CXCR2 with its ligands CXCL1 and CXCL2 (29) . We confirmed that BHV1gG inhibits neu- Although BHV1gG does not bind to CXCL2, its interaction with CXCL1 (15) appears sufficient to prevent most of the peritoneal neutrophil accumulation. The small increase in peritoneal neutrophils observed in BHV1gG-treated mice might be due to the uninhibited chemoattractant activity of CXCL2, or to other unknown factors, given that inhibition of both CXCL1 and CXCL2 by monoclonal antibodies does not completely prevent thioglycollate-induced recruitment of neutrophils (29) . It is not clear which chemokines drive the migration of eosinophils in thioglycollate-induced peritonitis model. However, CCR3 is expressed on the surface of the eosinophils in the peritoneal cavity ( Figure 3B ) and it has been shown to mediate eosinophil recruitment in allergic disease (30) . Given that CCL11, one of the ligands of CCR3, binds to BHV1gG (15), it is possible that BHV1gG inhibits thioglycollateinduced eosinophil migration through blocking the interaction of CCR3 with its ligands.
Monocyte recruitment in response to thioglycollate has been shown to depend largely on CCL2 and is independent of early neutrophil infiltration (31) (32) . Surprisingly, although BHV1gG binds to CCL2 in vitro, BHV1gG-Ig treatment did not impair thioglycollate-induced monocyte accumulation in vivo (15) . This may reflect a redundant role of other chemokines such as CCL6 in thioglycollate-induced monocyte migration (33) . Alternatively, BHV1gG may bind to CCL2 with low affinity or at a site that is not essential to its interaction with its receptor CCR2. It is also possible that AdBHV1gG-Ig treatment could influence the number of circulating monocytes as it also binds to CXCL12, a key chemokine for bone marrow sequestration of monocytes. A failure of CXCL12-mediated sequestration in the bone marrow may offset any inhibitory effects of BHV1gG on CCL2-dependent monocyte trafficking into the peritoneal activity (34) . Further studies will be needed to discriminate between these hypotheses. In summary, our study demonstrated that BHV1gG is capable of inhibiting the migration of polymorphonuclear cells, but not macrophages, into the inflamed peritoneum.
In accordance with this result, AdBHV1gG-Ig treatment significantly reduced joint inflammation in the K/BxN serum transfer arthritis model. Arthritis in this model is initiated by the binding of autoantibody contained in K/BxN serum to its target glucose-6-phosphate isomerase (GPI) in the recipient mice (25) . The immune complex then activates circulating neutrophils and synovial mast cells through FcγRIII, leading to degranulation of these cells and increased vascular permeability. As a result, autoantibodies are able to enter synovial space in large quantities and bind to GPI expressed on bone surfaces. This leads to synovial inflammation characterized by activation of the complement system, recruitment and activation of neutrophils, activation of resident synovial cells such as mast cells, macrophages and fibroblasts, as well as production of inflammatory cytokines such as TNFα and IL-1β. CXCL1, CXCL2 and CXCL5 all are upregulated in the synovial tissues of K/BxN serum-treated mice (2, 35) . Consistent with this observation, CXCR2-mediated neutrophil recruitment has been shown to be critical for the induction of arthritis in this model (35) . Targeting CXCL1 with a monoclonal antibody has, however, shown only modest inhibitory effects on the clinical index of K/BxN serum-induced arthritis (18) . CXCL1 is one of the chemokines that BHV1gG can bind with high affinity (15) and, as shown here, the fusion protein inhibits CXCL1-mediated neutrophil migration in vitro. It is plausible, however, given the failure of CXCL1 targeting alone to prevent arthritis induced by high dose K/BxN serum transfer (18) , that Ad-BHV1gG-Ig treatment protects mice from K/BxN-induced arthritis at least in part through interrupting other chemokine-chemokine receptor interactions in addition to that of CXCL1 with CXCR2. Despite significantly reducing arthritis severity, BHV1gG-Ig treatment did not affect local expression of a number of inflammatory mediators including IL-1β, TNFα, MMP-2 or MMP-3. IL-1β and TNFα are essential for the initiation of arthritis in this model; these cytokines can be produced by local mast cells (36) . In fact, it has been shown that neutrophil-derived TNFα is completely dispensable in this model, whereas neutrophil-derived IL-1β contributes only modestly to the synovial inflammation (37) . In addition, synovial fibroblasts have been shown to be capable of producing IL-1β, MMP-2 and MMP-3 in vitro (35) . Thus BHV1-gG inhibits polymorphonuclear cell migration into the joint at a stage downstream of the initial local inflammatory response.
Although antagonists of CCR1, CCR2 or CCR5 all reduce the severity of arthritis in animal models (38) (39) (40) , CCR2 and CCR5 antagonists failed to show additional benefit over standard therapy in clinical trials for rheumatoid arthritis (7, (41) (42) (43) (44) , and a recent phase II clinical trial of a CCR1 antagonist reported only modest results (45) . These studies show that single chemokine blockade is unlikely to have sufficient therapeutic efficacy in patients with rheumatoid arthritis and suggest that evaluation of multiple chemokine blockade may be warranted (46) (47) .
We also wished to test whether BHV1gG-Ig treatment affects a model of chronic inflammation in which neutrophils do not participate. We chose to use NZB/W F1 mice which spontaneously develop chronic nephritis characterized by infiltration of T and B lymphocytes, macrophages and dendritic cells with almost no neutrophil involvement (48) (49) (50) . Studies that genetically target chemokine or chemokine receptors in lupus-prone mice have begun to reveal the mechanism by which chemokines direct leukocyte trafficking in lupus nephritis. Deficiency of CCL2 or CCR2 reduces interstitial and glomerular infiltration of macrophages and protects MRL/lpr mice from lupus nephritis (5-6). In contrast, CXCR3 deficiency only decreases interstitial but not glomerular macrophage infiltration in MRL/lpr mice (12) . These mice also have less renal infiltration of inflammatory T cells and a milder nephritis compared with the wild type controls. Interestingly, CXCR3 deficiency does not protect NZB/W F1 mice from lupus nephritis, indicating that the role of CXCR3 in kidney inflammation varies in mice of different genetic backgrounds (51) . Finally, deficiency of CCR5, which shares two ligands (CCL3 and CCL5) with CCR1, is also protective in MRL/lpr mice (52) . These studies have mostly highlighted the distinct role of individual chemokine receptors in lupus nephritis.
A number of chemokines and chemokine receptors have been targeted with biologic antagonists in animal models of lupus. In accordance with the genetic data, treatment with a CCL2 antagonist reduces nephritis activity in MRL/lpr mice and lowers the dose of cyclophosphamide required to abrogate disease (53) . Treatment with a CX3CR1 antagonist similarly inhibits both glomerular and interstitial leukocyte infiltration, and reduces glomerular pathology in MRL/lpr mice (14) . Fur- 
